Objective: To determine changes in functional independence following spinal cord injury and to evaluate the association between functional independence and physical capacity. Design: Multi-centre prospective cohort study. Subjects: Patients with spinal cord injury admitted for initial rehabilitation. Methods: The motor Functional Independence Measure (FIMmotor) was determined at the start of rehabilitation (n = 176), 3 months later (n = 124), at discharge (n = 160) and one year after discharge from inpatient rehabilitation (n = 133). One year after discharge, physical and social dimensions of health-related functional status (Sickness Impact Profile 68; SIP68) were determined. On each occasion, physical capacity was established by measuring arm muscle strength, peak power output and peak oxygen uptake. Results: Multi-level random coefficient analyses revealed that FIMmotor improved during inpatient rehabilitation, but stabilized thereafter. Changes in FIMmotor were associated with peak power output. Multiple regression models showed that FIMmotor and peak power output at discharge were associated with FIMmotor one year after discharge (R 2 = 0.85), and that peak power output at discharge was associated with the social dimension of the SIP68 (R 2 = 0.18) one year after discharge. Conclusion: Functional independence improves during inpatient rehabilitation, and functional independence is positively associated with peak power output.
INTRODUCTION
Spinal cord injury (SCI) affects previously undemanding daily activities. Patients may suddenly rely on the assistance of others for seemingly straightforward tasks, and may need to adapt to the prospect of functional dependence (1) . Independent functioning is a key to being active and socially involved, and may contribute to a sense of control over one's life (2, 3) . Rehabilitation professionals require insight into changes in functional independence and into the estimated functional independence after discharge in order to adequately inform patients and relatives, to evaluate progress and to determine the necessity for post-discharge care and assistance (4) .
Rehabilitation following SCI focuses on regaining functional independence. Therefore, important aspects of initial SCI rehabilitation are learning new (wheelchair) skills and training in activities of daily living (ADLs). Additionally, during SCI rehabilitation effort is put in the prevention and treatment of complications, which not only contributes to a reduction in morbidity, but may also improve the rehabilitation process and functional independence following SCI (3, (5) (6) (7) (8) . Another aspect of initial rehabilitation is muscle strength and endurance training. Patients with SCI have a low physical capacity (i.e. the combined function of their muscles, and respiratory and cardiovascular systems is reduced) and their physical capacity can improve (9, 10) . However, it is largely unknown whether a certain level of physical capacity is a pre-requisite for functional independence following SCI, and whether the improvement in physical capacity contributes to functional independence.
Other studies have described functional independence following SCI (7, 11, 12) , and reported on associations with physical capacity. In these studies patients indicated they felt that inadequate muscle strength and a low endurance capacity threatened their functional independence (13, 14) . Additionally, data showed that a low physical capacity was associated with functional limitations (7, (15) (16) (17) . However, prospective data on changes in functional independence during and after inpatient rehabilitation, and on the associations between changes in functional independence and in physical capacity have not been analysed in a large population. These data are needed to help establish the possible beneficial effect of improving physical capacity in terms of functional FUNCTIONAL INDEPENDENCE AND HEALTH-RELATED FUNCTIONAL  STATUS FOLLOWING SPINAL CORD INJURY: A PROSPECTIVE STUDY OF  THE ASSOCIATION WITH PHYSICAL CAPACITY independence and health-related functional status. Therefore, this prospective study of a cohort of subjects with SCI at their initial rehabilitation had 3 objectives. The first objective was to determine changes in the level of functional independence over time during and after inpatient rehabilitation. The second objective was to investigate the association between changes in functional independence and changes in physical capacity. The third objective was to determine whether physical capacity at discharge was associated with functional independence and health-related functional status 1 year after discharge.
METHODS
This study was part of the larger Dutch research programme on "Physical strain, work capacity and mechanism of restoration of mobility in the rehabilitation of persons with SCI". Between July 2000 and November 2005 the research programme included patients with SCI admitted to one of the 8 participating Dutch rehabilitation centres.
Patients were eligible to participate if it was their initial rehabilitation for SCI, if they were between 18 and 65 years of age, had tetraplegia or paraplegia American Spinal Injury Association (ASIA) impairment scale A-D, had sufficient comprehension of the Dutch language to understand the purpose of the study and did not have a progressive disease or psychiatric condition that would interfere with constructive participation. Because most patients with SCI require a wheelchair (1), the programme excluded patients who did not use a wheelchair in daily life at initial rehabilitation. This had the advantage that the recovery of functioning could be compared fairly between (or within) subjects with a similar level of functioning. If subjects regained their walking ability during the programme, they did not perform a new maximal graded exercise test with a wheelchair on a treadmill. Reasons for excluding patients from the maximal graded exercise test were cardiovascular disease (e.g. a recent change in resting electrocardiogram suggesting infarction, complicated myocardial infarction or unstable angina (18) , diastolic blood pressure > 90 mmHg or systolic blood pressure > 180 mmHg, musculoskeletal complaints of the arms, neck or trunk, infection with fever or a pressure sore prohibiting sitting (19) .
For patients to be included in the study sample, both their functional independence and physical capacity had to be assessed at least once. The protocol was approved by the medical ethics committee, and prior to participation all patients gave their written informed consent.
Procedure
Subjects were assessed on 4 occasions: at the start of active inpatient rehabilitation, defined as the moment when the subject could sit in a wheelchair for at least 3 h at a time (t1), 3 months into active rehabilitation (t2), at discharge (t3), and one year after discharge from inpatient rehabilitation (t4). If subjects were discharged within 3 months after t2, the relatively recent t2 assessment was considered as a discharge (t3) assessment.
Several precautionary measures were taken to optimize the validity and reliability of the data. At each rehabilitation centre, one research assistant was responsible for the data registration according to a standardized protocol. The research assistants were either occupational therapists or physiotherapists with several years of experience in SCI rehabilitation. Prior to and during the programme, they were trained in how to complete the FIM and the SIP68, and how to determine physical capacity in a standardized way. A measurement protocol, which gave clear guidelines for the procedure, was followed. All necessary equipment was calibrated prior to use. The calculation of the peak power output was adjusted as suggested by de Groot et al. (20) .
Functional independence and health-related functional status
At each assessment (t1-t4), the Dutch FIM (version 5.0) was completed (7) . FIMmotor was calculated by adding the scores of 13 FIM items on mobility and self-care. The SIP68 determined health-related functional status one year after discharge (t4). For each SIP68 item, subjects indicated whether their health condition currently limited this activity (score = 1) or not (score = 0). The physical dimension of the SIP68 was the sum score of items on somatic autonomy and mobility control (range 0-29). The social dimension was the sum score of items on social behaviour and mobility range (range 0-22) (21) . The higher the score, the more health-related functional status was affected. Because subjects used a wheelchair, items on mobility were re-coded as recommended by Post et al. (22) .
Independent variables
Physical capacity. Physical capacity was established by measuring endurance capacity (peak oxygen uptake and peak power output) and arm muscle strength. We asked subjects not to smoke or drink coffee or alcohol at least 2 h before the tests and to void their bladder before the exercise test started. During 2 blocks of submaximal exercise a suitable treadmill velocity was chosen for the graded maximal exercise test. The submaximal exercise was followed by 2 min of rest, after which the maximal graded exercise test started. Subjects were encouraged to maintain the speed of the treadmill whilst its inclination was increased by 0.36º every min. Finally, the test stopped when the subject was completely exhausted, or could no longer maintain the speed of the treadmill (17, 19) . The peak oxygen uptake (l/min) was defined as the highest average oxygen consumption recorded during 30 sec, and the peak power output (W) as the workload at the highest inclination that the subject could maintain for at least 30 sec (23) .
Muscle strength was tested in both arms (shoulder abductors, internal and external rotators and elbow flexors and elbow extensors). For those muscle groups with a strength of at least grade 3 during manual muscle testing, strength was determined with handheld dynamometry by using the break-test (24, 25) . Subsequently, arm muscle strength was derived from a summation of the strength of these 10 muscle groups (in Newtons) (19) . We included those subjects in whom strength was assessed in all arm muscle groups.
Subject characteristics and complications. Age, level and completeness of the lesion and the occurrence of complications, were registered on each occasion. Tetraplegia (score = 0) was defined as a lesion at or above the first thoracic segment, and paraplegia (score = 1) as a lesion below the first thoracic segment. Completeness of the lesion was registered as follows: ASIA category A and B were defined as motor complete (score = 1), and ASIA category C or D were defined as a motor incomplete (score = 0) (26) .
A physician used medical charts and self-reported information to determine whether a complication (urinary tract infection, pulmonary infection or pressure sore) had occurred since admission (reported at the start, t1) or since the previous assessment (reported at t2, t3 and t4, respectively), and whether this had resulted in bed rest during this period (8) . Either the subject had at least one complication since the previous assessment (score = 1), or the subject had no complications (score = 0). Subsequently, these complications resulted in bed rest (score = 1) or not (score = 0). Self-reported information on musculoskeletal pain in the arms, legs, neck and back was registered using a 5-point Likert scale. These scores were re-coded into the presence of pain (score = 1), or the overall absence of pain (score = 0) (27) . Spasticity was assessed at the arms and legs by a fast passive stretch (28) . The presence of spasticity (score = 1), or the overall absence of spasticity (score = 0) was registered.
Statistics
Changes in functional independence over time. Random coefficient analyses (MlwiN version 1.1; Centre for Multilevel Modelling, Institute of Education, London, UK) were used to determine changes in functional independence over time, whereby we took into account the repeated assessments within one subject and within one rehabilitation centre (29) . A basic model included 3 time-related dummy variables, of which the regression coefficients (with confidence intervals) reflected changes in FIMmotor over time.
Changes in functional independence over time in association with changes in physical capacity. We determined which independent variables were associated with changes in FIMmotor over time. First, all variables at t3 were cross-tabulated, and in case of strong intercorrelations (correlation coefficient > 0.80), the variable with the strongest association with FIMmotor was included for further analyses (30) . Peak power output, peak oxygen uptake and arm muscle strength were related to one another (19, 30) . Of these parameters, peak power output had the strongest association with FIMmotor, and was therefore included in the multivariate analyses. There were no substantial associations (correlation coefficients < 0.60) between the other independent variables. To determine the significance of each independent variable, first all independent variables (and their interactions with time) were added to the aforementioned basic model one-by-one. A multivariate model was then made for the associations with (changes in) FIMmotor. Therefore, all significant independent variables and interaction terms (p ≤ 0.10) were simultaneously added to the basic model. We narrowed down the consequent multivariate model by alternately removing a non-significant (p > 0.05) independent variable, and re-running the analyses. The regression coefficients in the resultant multivariate model indicated an increase in FIMmotor associated with an increase in the independent variable of one unit (29) .
Physical capacity as a predictor of functional independence and healthrelated functional status. We made multiple regression models to establish whether physical capacity at discharge predicted FIMmotor, and social and physical dimensions of health-related functional status one year after discharge (SPSS version 12.0.01). Because the physical capacity variables were intercorrelated, and peak power output (in Watts) showed a stronger association with both functional independence and health-related functional status, this component of physical capacity was included in the analyses. To determine whether peak power output was of additional value in the prediction of functional independence, we entered the FIMmotor at discharge and then included the other independent variables following the stepwise-forward procedure. In the final multivariate models, the regression coefficients indicated an increase in FIMmotor or in SIP68 associated with an increase in the independent variable of one unit.
RESULTS
Descriptive statistics (SPSS version 12.0.01) summarized subject characteristics at each occasion (Table I) . The total study sample included 182 subjects, of whom 176 were assessed at the start (t1), 124 were assessed at 3 months (t2), 160 were assessed at discharge (t3), and 133 were assessed one year after discharge (t4). The size of the sample differed for a variation of reasons (Table II) . At the start of active rehabilitation, the mean (standard deviation (SD)) time since injury was 88 (61) days, and at discharge from inpatient rehabilitation, 290 (140) days had passed since injury. Table III gives the individual associations between functional independence and the separate independent variables, which were added to the basic model. The FIMmotor was associated with peak oxygen uptake, peak power output, muscle strength and complications. The final multivariate multi-level model showed a positive association with peak power output and a negative association with a tetraplegia and the occurrence of complications (Table IV) . For example, an increase in peak power output of 10 Watts was associated with an increase in FIMmotor of nearly 4 points (10 Watts × 0.36). The significant interaction term indicated that the association with peak power output changed over time.
Changes in functional independence over time
Fig. 1 illustrates changes in FIMmotor over time, as estimated with the basic multi-level random coefficient model. It shows that the FIMmotor score increased during rehabilitation, but did not change significantly after discharge from inpatient rehabilitation.
Physical capacity as a predictor of functional independence and health-related functional status 1 year after discharge
The multiple regression models showed that peak power output made a modest but significant contribution to the prediction of outcome one year after discharge (Tables V and VI) . Together, discharge FIMmotor and peak power output predicted a large proportion of the variance (85%) in FIMmotor one year after discharge (Table V) . Taking into account the FIMmotor at discharge, the peak power output at discharge significantly predicted the social dimension of SIP68 (R 2 = 18%). The FIMmotor at discharge and completeness of the lesion significantly contributed to the prediction of the physical dimension of the SIP68 (R 2 = 38%) ( Table VI) . The residual standard deviations (RSD) indicate the prediction accuracy of the model, i.e. whether the predicted outcome corresponds with the observed outcome.
DISCUSSION

Changes in functional independence over time
This prospective study of subjects with SCI showed that functional independence improved during inpatient rehabilitation, but stabilized after discharge. This unaltered FIMmotor after discharge is in agreement with other studies and may be explained by several factors (7, 31, 32) . First, the FIMmotor only determines functional independence during basic ADL (32, 33) . For some patients, higher levels of activities and participation may need to be measured in order to be able to detect recovery. Secondly, in the Netherlands the duration of rehabilitation is relatively long (7) . During this intense and long inpatient rehabilitation patients acquire different skills (3, 7) . Fortunately, our results suggest that the environment outside the rehabilitation centre has not limited these patients in putting their skills into practice.
To further investigate changes in FIMmotor, we compared the recovery of FIMmotor during one year after discharge in different groups. This showed that functional independence in subjects in the higher deciles of discharge FIMmotor did not change, those in the middle deciles improved, and those in the lower deciles worsened. These differences in recovery may be another reason why, overall, the FIMmotor did not change. A decline in functional independence in the already poorly performing subjects could perhaps be caused by the fact that a patient's ability to do something does not necessarily coincide with his or her behaviour (34, 35) . For example, a patient may have learnt the skills to carry out an activity, but may choose to be assisted in order to be able to spend his energy on other activities. These choices may negatively affect the measured level of FIMmotor, but being able to make these choices contributes to a sense of control and wellbeing (2, 14) . Therefore, we recommend that rehabilitation professionals strive for the optimal development of skills, because this allows patients to make a choice.
Changes in functional independence over time in association with changes in physical capacity
In agreement with the cross-sectional associations, changes in physical capacity were associated with changes in functional independence (15, 17) . Because we included wheelchair users, the endurance capacity determined on a wheelchair treadmill was expected to be associated with functional independence (15) . The peak power output was more strongly associated with independence than was peak oxygen uptake and muscle strength, probably because it is a more comprehensive measure of body function, more closely related to activities and influenced by the technique of wheelchair propulsion (17, 36) . Furthermore, the performance of transfers necessary for ADLs are of short duration, which probably make these activities more strongly associated with peak power output than with peak oxygen uptake (17, 36) . Surprisingly, the peak power output proved more important in the multivariate models than characteristics such as gender and level of the lesion. Obviously, with the dichotomization of level of the lesion, information is lost, and it is conceivable that if we had modelled more detailed lesion characteristics we may have found different associations. However, because we included only subjects who used a wheelchair, and in whom we were able to determine physical capacity, the lesion groups were more homogeneous, and the influence of these lesion characteristics may not be as large as expected. We hypothesize that subject and lesion characteristics are embodied in the peak power output, and that the influence of skills and technique make the power output especially associated with activities in wheelchair users. Therefore, because of its consistent association with functional independence, we recommend the regular assessment of peak power output as an objective measure of rehabilitation outcome in patients with SCI who use a wheelchair.
The negative association between complications and functional independence found in our prospective study coincides with cross-sectional data reported by others (16, 37) . Although bed rest may result in deconditioning, it was not associated with an expected functional decline in our study sample (7, 38) . Therefore, bed rest may have caused subjects temporarily to carry out fewer activities, but did not affect functional independence. Spasticity and pain have different consequences in different situations, which is probably why we did not find them to be associated with functional independence (27, 37) . For example, whilst spasticity may limit arm function, it may be useful in the legs when making a transfer (37) . Similarly, patients who are active may be exposed to overuse and, therefore, susceptible to pain. Conversely, pain may, in turn, limit activities (39) . Results seem to suggest that in the presence of complications, clinicians and patients need to be aware of concomitant changes in functional independence.
Physical capacity as a predictor of functional independence and health-related functional status one year after discharge
The additional predictive value of peak power output seems to suggest that not only functional training, but also enhancing physical capacity, could contribute to the recovery of functional independence. The positive association between peak power (15) , and may be explained by the positive association between peak power output and wheelchair skills: if peak power output enhances wheelchair skills, it may indirectly improve social activities (15, 40) .
Limitations
The selection of our study sample needs to be considered when interpreting results. At the start, we included wheelchair users only, which meant that a relatively large proportion of subjects with a complete lesion were selected (41) . Furthermore, we included only those subjects whose level of physical capacity could be established, which means that relatively poor performing subjects were excluded. This selection could explain why the association with level or completeness of the lesion was perhaps not as strong as expected (7, 16, 31) . However, because our study sample included relatively many women, many patients with a tetraplegia, patients with either a traumatic or non-traumatic lesion and many patients who were only moderately active, our data are more characteristic of patients with SCI than the study samples described in many previous reports on (the influence of) physical capacity following SCI (42) .
The outcome measures may need some consideration. Although the SCI may also influence emotional and psychological function, we did not investigate psychological, communicative and emotional items of the FIM or SIP68, because these are considered to be more stable and less informative following SCI (22, 32) . This study did not determine changes in healthrelated functional status. However, health-related functional status is probably especially informative after discharge, when patients face different restrictions in participation. Therefore, we recommend that health-related functional status and its determinants be investigated in future follow-up studies of patients with SCI.
Although associations were consistent, one has to consider that the peak power output made a modest contribution to the variance in outcome at follow-up, and that the prediction accuracy of the models was relatively poor (29, 30) . Crossvalidation in a different population may show an even less promising predictive value (30, 43) . Therefore, intervention studies need to investigate whether training physical capacity improves functional independence.
In conclusion, functional independence improves during inpatient rehabilitation, but remains unchanged thereafter. Peak power output is positively associated with functional independence. The additional value of peak power output suggests that both functional training and enhancing physical capacity could contribute to functional independence and health-related functional status. However, future intervention studies are needed to confirm these proposed beneficial effects.
